Vegetation cover mediates a number of important geomorphological processes. However, the effect of different vegetation types on the retention of fine aeolian sediment is poorly understood. We investigated this phenomenon, using the retention of fine, pyroclastic material (tephra) from the 2011 eruption of the Grímsvötn volcano, Iceland, as a case study. We set out to quantify structural variation in different vegetation types and to relate structural metrics to the thickness of recently deposited volcanic ash layers in the sedimentary section. We utilised a combination of vegetation and soil surveys, along with photogrammetric analysis of vegetation structure. We found that indices of plant community composition were a poor proxy for vegetation structure and were largely unrelated to tephra thickness. However, structural metrics, derived from photogrammetric analysis, were clearly related to variations in tephra layer thickness at a landscape scale and tephra layers under shrub patches were significantly thicker than those outside the shrub canopy. We therefore concluded that a) vegetation cover was a critical factor in the retention of fine aeolian sediment for deposit depths up to few centimetres and b) structural variation in vegetation cover played a major role in determining the configuration of tephra deposits in the sedimentary section. These findings have implications for the analysis of ancient volcanic eruptions and archaeological/palaeoenvironmental reconstructions based on the interpretation of tephra deposits. Furthermore, they present the possibility that the detailed form of tephra layers may be used as a proxy for palaeo vegetation structure. Vegetation cover mediates a number of important geomorphological processes. 2 However, the effect of different vegetation types on the retention of fine aeolian 3 sediment is poorly understood. We investigated this phenomenon, using the retention 4 of fine, pyroclastic material (tephra) from the 2011 eruption of the Grímsvötn volcano, 5
Iceland, as a case study. We set out to quantify structural variation in different 6 vegetation types and to relate structural metrics to the thickness of recently deposited 7 volcanic ash layers in the sedimentary section. We utilised a combination of vegetation 8 and soil surveys, along with photogrammetric analysis of vegetation structure. We 9 found that indices of plant community composition were a poor proxy for vegetation 10 structure and were largely unrelated to tephra thickness. However, structural metrics, 11 derived from photogrammetric analysis, were clearly related to variations in tephra 12 layer thickness at a landscape scale and tephra layers under shrub patches were 13 significantly thicker than those outside the shrub canopy. We therefore concluded that Vegetation cover is a key factor in terrestrial geomorphology, as it mediates 30 microclimate, hydrological processes and mass movement (Marston, 2010) . Vegetation 31 plays a particularly important role in the entrapment and stabilisation of sediment 32 carried by fluids, whether the fluid is water (e.g. salt marshes) or air (e.g. sand dunes) 33 (see, e.g., Baas, 2002; Langlois et al., 2003) . However, the precise impact of different 34 vegetation types on terrestrial sediment cycles is still poorly understood. For example, 35 volcanoes produce considerable quantities of airborne ash and this material is a major 36 component of soils worldwide (Takahashi and Shoji, 2002) . However, the processes by 37 which fine, pyroclastic particles (tephra) are trapped and incorporated into soils are not 38 well defined. In contrast to the quasi-continuous aeolian deposition typical of arid or 39 coastal environments, tephra are typically deposited rapidly, ballistically and in discrete 40 events (often separated by many years), so the rules that govern other forms of 41 sediment accumulation may not be strictly applicable. Vegetation cover is likely to play 42 a role in the retention of tephra, but the importance of this factor has not been explored. 43
The overall aim of this research was therefore to investigate how different vegetation 44 types influence the retention of episodically deposited aeolian sediment, using the 45 deposition of volcanic ash as an exemplar. 46 47 48 Previous work has indicated that the capacity of vegetation to trap and retain sediment 49 is dependent upon its structure (the physical configuration of above ground biomass 50 and the intervening voids: Zehm et al., 2003) Consequently, we set out to refine existing photogrammetric techniques in order to 64 capture the essential structural characteristics of low-growing vegetation (mosses, 65 forbs and short graminoids), structural types that have been neglected by previous 66 researchers. 67 68 69
Our study focused on the deposition and retention of airfall tephra. Tephra particles are 70 pyroclastic fragments produced during explosive volcanic eruptions (Lowe, 2011; 71 Thorarinsson, 1944) . Coarse tephra grains (lapilli with a diameter > ~4 mm) are rapidly 72 sedimented from the atmosphere and are mostly confined to a region proximal to the 73 volcano. However, fine grains may be transported considerable distances (100s to 74 1000s km) in the atmosphere before they are deposited as airfall tephra (Stevenson et 75 al., 2015) . Once on the ground, they are readily mobilised by wind and water unless 76 something acts to stabilise them (Sarna-Wojcicki et al., 1981) . If the tephra deposit is 77 stabilised and of sufficient thickness it can form clearly defined layers in sedimentary 78 sections. These layers cover large parts of Earth's surface. Tephra deposits are of 79 interest for three main reasons. Firstly, they may be used in the reconstruction of the 80 fallout area and erupted volume of past volcanic eruptions (Lowe, 2011) . When 81 conducting reconstructions of this type, it is essential to know how faithfully the tephra 82 layer records the characteristics of the initial deposit. This is particularly important in 83 spatially extensive distal locations where the quantity of tephra is greatest (see, e.g., 84
Sarna-Wojcicki et al., 1981), but the deposit is thin, fine-grained and readily 85 horizons (Lowe, 2011) . In this case, all that matters is the identification of the isochron. 87
Thirdly, if a tephra layer is considered to be a pulse of sediment of known age and 88 provenance, it may be used as a tracer to understand a) geomorphological processes 89 that are otherwise impractical to investigate e.g. aeolian erosion and deposition and b) 90 the environmental impacts of an eruption, using palaeoecological techniques. 91 92 93
The interpretation of tephra layers in the soil is premised on the assumption that the 94 thickness of the layer in the soil is directly related to the thickness of the initial deposit. 95
Airfall tephra mantles the landscape, i.e. the thickness of a fresh deposit is likely to be 96 more-or-less the same in locations separated by a few kilometres, unless such 97 locations are near the edge of the plume. However, tephra layers in the sedimentary 98 section are often highly variable over small spatial scales (centimetres -metres) 99 (Streeter and Dugmore, 2013b). If ancient tephra layers are to be correctly interpreted, 100 it is necessary to understand the processes by which a fresh tephra deposit is 101 ultimately transformed into a sedimentary layer. Thick tephra deposits (tens of cm -102 metres thick) obliterate vegetation cover and geomorphological processes are likely to 103 determine the overall configuration of the final deposit. However, there is evidence that 104 some vegetation can survive moderate (up to a few cms) tephra deposition. Some 105 mosses, for example, are porous to fine tephra particles and can absorb light falls 106 without detrimental effects. Bjarnason (1991) reported that carpets of the moss 107 The research was conducted on three sites in southern Iceland: Fossdalur, Kalfafell 133 and Blómsturvellir (Fig. 1 ). The Kalfafell site provided two sampling locations (one 134 dominated by moss and one by grass), giving four sampling locations in total (Table 1) . 135
Tephra were deposited on the sites during the 2011 eruption of the Grímsvötn volcano 136 (hereafter referred to as G2011). The G2011 eruption produced ~0.6 -0.8 km3 of 137 tephra which were subsequently distributed over a large area of southern Iceland 138 (Gudmundsson et al., 2012) . All of the study sites were located between 50-55 km from 139
Grímsvötn caldera and within the main axis of fallout from the eruption (Fig. 1e ). The 140 initial depth of the tephra deposit was similar on all the sampling locations. By the time 141 the surveys were conducted (June 2014) the G2011 tephra was not visible on the 142 surface, either because the vegetation had grown through tephra and/or the particles 143
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The tephra layer was identified on the basis of colour (black, in contrast to the orange-205 brown andisol). Measurements of tephra thickness were made to the nearest 206 millimetre. 207 208 209 Photographic image processing 210
The raw digital images were converted to grayscale and cropped to the boundaries of 211 the backing board, using the programme Adobe Photoshop™. Each image was then 212 processed using a bespoke routine written in MATLAB. First, the grayscale images 213 were converted to black and white images using a threshold parameter that was 214 adjusted according to camera exposure and vegetation type to ensure correspondence 215 between pixel colour and true plant presence/absence. Starting from the base of each 216 image and working upwards, the routine counted the numbers of black pixels 217 (vegetation) in each row of the image, thereby encapsulating the vertical structure of 218 the vegetation. From these data, it was straightforward to calculate the overall density 219 of the vegetation i.e. the proportion of black pixels and the maximum height of the 220 vegetation. However, these simple metrics are likely miss some of the complexity of the 221 vegetation structure e.g., where maximum height is driven by a single, slender leaf that 222 extends above the bulk of the vegetation. Consequently, the programme was designed 223 to return more detailed structural metrics. For example, vegetation density (proportion 224 of black pixels) at any given height may be calculated. It is also possible to derive more 225 nuanced metrics of vertical vegetation structure e.g. the height below which a given 226 proportion of black pixels occur (P x , where x is proportion of the total number of pixels). 227
If P x is plotted against height, vegetation cover with different structural configurations 228 would be expected to produce qualitatively different curves ( Fig. 3) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The DCA also indicated that the sampling locations differed in terms of their 298 compositional variability (Fig. 4a) . The F and Km sites were the most variable in terms 299 of community composition, based on the distribution of quadrats in ordination space 300 and multivariate inertia (Table 2 ). In contrast, the Kg and B sites were tightly clustered 301 and largely overlapping. On the Blómsturvellir site, there appeared to be no substantial 302 difference between the vegetation under the willow canopy and the plant communities 303 between the willow patches ( Fig. 4b) . 
Models of vegetation structure 310
The exponential curve selected was a good fit for the data ( 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 If plant communities do influence tephra layer thickness, then one could hypothesise 362 that variability in the plant community would be related to variability in the thickness of 363 the G2011 tephra layer. Following from this, we had hoped that plant community 364 composition would be a surrogate for vegetation structure. However, the relationship 365 between community variability (Shannon diversity, multivariate inertia) and variability in 366 the G2011 tephra layer was weak. Whilst plant community composition and vegetation 367 structure are related on a fundamental level, within-species variation in growth form is 368 likely to obscure this relationship. Furthermore, many species present in the plant 369 community will make minimal contributions to the structural factors relevant for tephra 370 stabilisation, whilst other species will dominate. For example, a single shrub species 371 drove major changes in tephra depth on the Blómsturvellir site. It is possible that plant 372
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437
This study focussed on aboveground vegetation structure as the major agent mediating 438 tephra layer thickness. However, other factors also likely to be significant. Antecedent 439 moisture levels, for example, are likely to change the 'stickiness' of newly deposited 440 tephra. Plant traits that influence the way that moisture is retained on leaves and stems 441 could therefore work alongside the morphological aspects of vegetation cover. 442
Belowground structure might also be significant e.g. the particularly dense root 443 structures associated with tussocky graminoids could influence the incorporation of 444 tephra into the soil (although we did not observe this effect during out study). 445 446 447
Implications of research 448
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